Objective: Young skiers are at increased risk for injury, however, epidemiological data on skiing related fatal injuries among child skiers are scarce. This study aimed to provide information needed to develop injury control and prevention programs. Design and setting: Study subjects came from Colorado, USA and were identified using a death certificate based surveillance system. Fatal injuries were limited to events that occurred at established commercial ski resorts in Colorado, and subjects were classified as child skiers (0-17 years) or adult skiers (>18 years). Main outcome measure: Type and external cause, time, and week day of injury, gender and residency of the decedents. Results: During the study period from 149 fatal injuries associated with downhill skiing were identified; 21 (14.1%) occurred among child skiers aged (17 years. The age of the youngest decedent was 7 years. In females the proportion of fatal injuries among child skiers was nearly three times that of adults. Traumatic brain injuries were the leading cause of death (67% of all deaths) among children, while multiple internal injuries and traumatic brain injuries accounted for almost equal proportions of fatal injuries among adults. Collision was the leading external mechanism of fatal injuries, accounting for more than two thirds of fatal injuries in both child and adult skiers. Conclusions: Traumatic brain injury was the leading cause and collision was the leading external injury mechanism of fatal injuries associated with downhill skiing among child skiers. This underscores the importance of brain injury prevention strategies, including the use of ski helmets and prevention of collisions on ski slopes. D ownhill, or alpine, skiing is a popular winter sport in the United States. According to a household based survey conducted by the National Sporting Goods Association, 1 an average of 10 million people in the United States participated in alpine skiing more than once a year during 1993-97.
D
ownhill, or alpine, skiing is a popular winter sport in the United States. According to a household based survey conducted by the National Sporting Goods Association, 1 an average of 10 million people in the United States participated in alpine skiing more than once a year during 1993-97.
Injuries from sports and physical activities, often underestimated and under-researched, have captured national attention recently. [2] [3] [4] According to the National Electronic Injury Surveillance System (NEISS), 1 there were estimated 84 200 skiing associated injuries treated in hospital emergency departments in the United States in 1997, a decline from the estimated 114 400 injuries in 1993. Interestingly, head injuries associated with skiing and snowboarding have not decreased as has the total number of skiing injuries, and head injuries are still the leading cause of injury deaths occurring on ski slopes. 5 Non-fatal injuries associated with skiing and snowboarding have been studied extensively both in the United States and in other countries. [6] [7] [8] [9] [10] [11] [12] [13] However, few studies have looked at fatal injuries associated with skiing. [14] [15] [16] [17] [18] [19] There is a consensus among investigators that young skiers are at increased risk for both fatal and non-fatal injury. 7 11 13 Unfortunately, basic epidemiological data regarding skiing related fatal injuries among child skiers are scarce. A major reason for the lack of this critical information is that fatal injuries associated with skiing are rare among general population (2.5-2.9 deaths per one million skiers), therefore, such data for child skiers are not readily available. Using death certificate data from 1980-2001, we intend to describe skiing related fatal injuries among child skiers in Colorado. Injury characteristics and circumstances are compared for child skiers and adult skiers to identify unique injury patterns among child skiers with an intention to provide information for promotion of injury control and prevention among this vulnerable population.
METHODS

Data collection
Study subjects were identified using a special fatal skiingand snowboarding related injury surveillance system in Colorado. Causes of death on the death certificate were reported by attending physicians, medical examiners, or coroners. A revision of the coding structure occurred in 1988 which resulted in non-specific codes for place of injury, however, a detailed description of the injury circumstances was added to the electronic death record. In this study, ''place of injury'' on the death certificate was used to identify injury deaths related to skiing prior to 1989, and for the years 1989-2001, the description of how the injury occurred was searched electronically for the occurrence of character strings such as ''ski'', ''skier'', ''skiing'', ''snow'', ''snowboarding'', and ''avalanche'' to identify skiing related fatal injuries. Death certificates of potential skiing related fatal injuries were then reviewed manually to determine whether or not the decedent was skiing at the time when the fatal event occurred. The death certificates were also reviewed to identify the place of skiing activities, such as within boundary of commercial ski resorts, outside commercial ski resorts areas, or cross country skiing areas.
Case definition
For this study, a downhill skiing related fatal injury was defined as a fatal injury that occurred to an individual who was skiing at a commercial ski resort in Colorado. Fatal injuries that occurred outside an established commercial ski resort area and those related to cross country skiing were excluded from analysis.
Abbreviations: CPSC, Consumer Product Safety Commission; TBI, traumatic brain injury Statistical analysis Cases were divided into two age groups: child skiers (0-17 years) and adult skiers (18 years and older). The following variables were used in our study: age and gender of decedent, state of residence, week day of injury event, time of injury, injury description, underlying cause of death, and time between the initial injury event and the pronounced death.
Differences in injury proportions between child skiers and adult skiers were assessed for statistical significance with Mantel-Haenszel x 2 test, or with Fisher's exact two tailed test when at least one expected cell size was ,5. Data were analyzed using SAS statistical software version 8.2.
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Statistical significance was considered for p,0.05.
RESULTS
During the study period, a total of 149 fatal injuries associated with downhill skiing were identified in Colorado; 21 (14.1%) injuries occurred among child skiers aged 17 years or younger. The age of the youngest decedent was 7 years, and the highest proportion of total fatal injuries (24.2%) occurred among skiers aged 18-24 years (fig 1) .
The demographics of the decedents and the comparisons of characteristics of fatal injuries between child skiers and adult skiers are shown in table 1. Among the 21 child skiers, 47.6% (10 cases) were female compared with 16.4% (21 cases) female among 128 adult skiers (p = 0.001). Child decedents were more likely to be residents of states other than Colorado (66.7%) than were adult decedents (60.2%). However the difference was not statistically significant (p = 0.698).
The greatest number of fatal injuries among child skiers (six deaths, 28.6%) occurred between 1:00 pm and 3:00 pm, while the greatest number of fatal injuries among adult skiers (28 deaths, 21.7%) occurred between 11:00 am and 1:00 pm. Approximately the same percentage (around 30%) of child and adult decedents was pronounced dead at the scene.
As shown in table 2, a significantly higher percentage of child skiers died from traumatic brain injury (TBI) (66.7%) than adult skiers (42.2%). The difference was statistically significant (p = 0.05). About 76% of child deaths (n = 16) were due to collisions, compared with approximately 69% of adult deaths (n = 88). The majority of fatal collisions were with trees for both child decedents (52.4%) and adult decedents (57.0%).
DISCUSSION
In this report, 20 years of data from the Colorado statewide skiing related and snowboarding related fatal injury surveillance system were used to compare fatal injuries associated with downhill skiing between child skiers and adult skiers. Findings from this study highlight the unique characteristics of downhill skiing related fatal injuries to child skiers.
Among child skiers, females accounted for a significantly greater proportion of fatal injuries, and TBI was the leading cause of death. Collision, often with a tree, was the leading mechanism of fatal injuries, accounting for more than two thirds of fatal injuries in both child and adult skiers.
Findings from previous studies regarding gender and skiing related injury risk have been inconclusive. Some studies reported that the majority of fatal injuries occur to males, 16 17 while others reported that the injury risk is higher for females or same for both sexes. 13 15 Data from the National Ski Area Association indicated that in Colorado in 1996, males constituted 61% of all skiers and snowboarders. 5 In our study, 47.6% of child decedents were girls while only 16.4% of adult decedents were females. However, without detailed age distribution data of skiing participants for the study period, it is impossible to make the conclusion that the mortality rates were similar or different among male and female skiers for both age groups. Goulet et al suggested that behavioral differences between boys and girls on risk taking, and the expected increases in associated injuries, do not actually manifest in adolescents or young adults. 13 That might partially explain why a significant gender specific difference in mortality is absent among child skiers while such difference is more apparent among adult skiers. However, because of the small number of cases reviewed and the lack of denominator data, the majority of studies that analyzed fatal skiing injuries, [14] [15] [16] [17] [18] including the current study, had limited statistical power to evaluate gender specific differences.
A significant difference was observed between child skiers and adult skiers with regard to TBI in our study. A significantly higher proportion of child skiers than adult skiers sustained TBIs. Although previous studies identified TBI as the leading cause of skiing related fatal injuries, [14] [15] [16] [17] [18] the small number of fatal injuries reviewed in earlier reports prevented separate analysis for child skiers. Therefore, the higher proportion of TBI among child skiers has not been previously reported.
The high proportion of TBI among child skiers in this study suggests that child skiers in particular may benefit from the use of ski helmets. However, because of lack of information regarding helmet use in our database, we were unable to directly evaluate the effectiveness of helmets in preventing or reducing TBI among skiers. Several studies have emphasized the significance of TBI resulting from collisions among skiers and snowboarders, and have suggested that protective helmets might reduce TBI morbidity and mortality. Consumer Product Safety Commission (CPSC) concluded that helmets would potentially prevent 44% of head injuries in skiers and snowboarders overall, and 53% of head injuries in skiers and snowboarders younger than 15 years. 1 Brown et al strongly advocate ski helmet use among child and adolescent skiers because of the high proportion of child skiers who suffered from TBI. 22 Unfortunately, the effectiveness of ski helmets in preventing TBI has not been as well researched as has that of helmets in other sports, such as bicycle riding. [23] [24] This study is subject to the following limitations. The primary limitation was the lack of exposure information in this study. Traditionally, skier visits or lift tickets sold are used as the denominators when injury rates are calculated. Such data are often available from ski resorts or ski resorts associations. 19 However, detailed data by age group or gender are often not available, therefore it is impossible to calculate injury rates by participants' demographics. In our results, there was a significant difference between child skiers and adult skiers in the proportion of injuries by gender, but for the reason of lack of exposure information, we could not make the conclusion that the mortality rates were similar or different among male and female skiers. Second, there was a possibility of misclassification of leading causes of death. It was unclear from the death certificates how medical examiners or coroners decided the leading cause of deaths when fatal injuries damaged multiple organs. Third, for 20.9% of fatal injuries that occurred among adult skiers and 9.5% among child skiers, the injury time was unknown, which might distort the time distribution of those fatal injuries reported here. Finally, only skiing related fatal injuries that occurred in Colorado were analyzed. People would assume that such data at national level would have more observations and thus more statistical power. The CPSC estimated that there are about 24 skiing and snowboarding related deaths per year in the United States. 1 Skiing and snowboarding related deaths in Colorado (about 10 cases per year) account for approximately half of total skiing related and snowboarding related deaths in the United States. Although it is possible to use national data from the CPSC's Death Certificate Data Base, more than 10 years' data will be needed to generate more than 200 cases, and small number issues will still exist to some extents.
Even with these limitations, our findings indicated that TBI was the leading cause, and collisions, often with trees, were the leading external mechanism of fatal injuries among child skiers. This underscores that TBI prevention strategies, including the use of ski helmets and prevention of collisions on ski slopes, are crucial in injury control and prevention among child skiers. Waller exemplified the spirit of interdisciplinary collaboration and was a critical thinker whose ideas were often ahead of their time'', said Dr Carol Runyan, current IPRC director and a collaborator with Waller in the early years of forming the center. ''Our hope is to attract other scholars to campus who share these attributes so we can continue to celebrate the vitality and importance of her ideas and continue to innovate''.
The Patricia F Waller Endowment Fund will be used to support an annual lecture in her honor to be overseen jointly by the IPRC, the UNC Highway Safety Research Center, the department of psychology, and members of the Waller family. Additional gifts will accrue in the hope that the fund will support a professorship in the field of injury control, officials said.
The IPRC is a multidisciplinary federally funded center founded in 1987 and bringing together faculty experts from numerous other schools and departments at UNC.
''An endowed professorship would not only be a significant tribute, but would ensure that there is a lasting presence at UNC for injury control, the focus of Waller's career'', said Runyan, who also is professor of health behavior and health education in UNC's School of Public Health.
''In the shorter term, with the lectureship, we expect that we will sustain her enthusiasm for scholarship in this field in a very tangible way, encouraging students and faculty from diverse fields to think about this huge social problem together and find solutions that will save lives and reduce suffering-just as Pat did during her lifetime'', she added.
Waller received her doctorate in psychology from UNC and worked for nearly two decades as a researcher with the UNC Highway Safety Research Center. She launched the IPRC with a vision that merged her background in traffic safety with public health perspectives on injury control. She later served as director of the University of Michigan Transportation Research Institution and professor of public health policy and administration. She retired to Chapel Hill in 1999.
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